Antibodies to three isolates each of Armillaria mellea, A. ostoyae, A. tabescens, and Lentinula edodes were isolated from eggs of immunized laying hens. The reactivity of each antibody preparation with all isolates was examined using an enzyme-linked immunosorbent assay (ELISA). The cross-reactivity of the antibody preparations to a given Armillaria species varied considerably when tested against isolates of other Armillaria species. Several antibody preparations were capable of distinguishing isolates of its homologous species from isolates of heterologous species. The specificity of the antibodies present in eggs was dependent on time elapsed since immunization. Eggs laid 3 weeks after immunization with an Armillaria species isolate possessed antibodies that were most specific for isolates of that species. The intergeneric cross-reactivity was found to be smallest with antibodies from eggs laid 5 weeks or more after immunization. Preliminary results suggest that ELISA using chicken egg yolk antibodies will provide useful information in the taxonomy of ArmilIaria.
Serology has become a useful tool in plant pathological and mycological research for identification and classification of fungi. Serological tests were employed to distinguish the European and North American strains of Gremmeniella abietina (Lagerb.) Morelet (Dorworth and Krywienczyk, 1975) . Aldwell et al. (1985) , using antibodies from rabbits immunized with six species of the Endogonaceae, established serological re- 1 The Forest Products Laboratory is maintained in cooperation with the University of Wisconsin. This article was written and prepared by U.S. Government employees o-n official time, and it is therefore in the public domain and not subject to copyright. Mycologia, 82(4), 1990, pp. 415-423. lationships by enzyme-linked immunosorbent assay (ELISA) among 14 different fungi. Their results agreed with accepted taxonomic relationships. Scott (1981) used gel double diffusion and cross-immunoelectrophoresis to establish serological relationships among three species of Sclerotinia with antisera prepared in rabbits. Chard et al. (1983) , using antisera obtained from rabbits, established serological relationships among a variety of fungi that were comparable to established taxonomic groupings. Ferguson et al. (1988) placed 14 phytopathogenic fungi into taxonomically correct clusters, using mouse monoclinal antibodies in ELISA. 1996 , by The New York Botanical Garden, Bronx, NY 10458-5126 Issued 27 September 1990 Identification of Armillaria species in North America and Europe is based to a limited extent on morphological characters of fresh basidiomes (Marxmüller, 1987; Bérubé and Dessureault, 1988, 1989) and to a larger extent on cultural reactions observed in haploid-haploid confrontations (Korhonen, 1978; Anderson and Ullrich, 1979) . However, fresh basidiomes are often difficult to obtain, and the interpretation of confrontation reactions is time-consuming and equivocal. This is evidenced by the recent combining of several accepted North American intersterility groups previously considered distinct (Anderson, 1986) and the ambiguous reactions among North American and European testers (Anderson et al., 1980) . Serology has shown potential in the effort to distinguish Armillaria species. Lung-Escarment et al. (1978 , 1985 and Lung-Escarmant and Dunez (1979, 1980) In this paper, we assess the potential of ELISA, using chicken egg yolk antibodies, to distinguish Armillaria species. The egg yolk antibody system was chosen for several reasons 1) overall ease of handling the chickens and obtaining antibodies from their eggs; 2) relative speed of peak antibody production at 21 days compared to 70 days or longer in rabbits; 3) maintenance of peak antibody production for a considerable length of time; 4) lack of a need for more than one booster injection; 5) relative purity of antibodies obtained, which are only IgG class molecules; and 6) essentially an unlimited amount of antibody that can be obtained from a given hen (Polson et al., 1980; Rose and Orlans, 1981; Kough et al., 1983; Ricke et al., 1988) . Fungal material other than starter inoculum used in the study was grown on sterilized chemically defined liquid medium (Leatham, 1983) . We obtained fungal material to be used as antigens as follows: 1) transfer 4-6 small starter plugs from margin of 4-to 6-week-old cultures grown on 1.5% malt agar of each isolate to 300-ml Erlenmeyer flask containing 25 ml of 1.5% malt extract broth; 2) incubate 2-6 weeks at 26 C, 3) remove a piece of the mycelial mat from the starter flasks and add to 25 ml of defined medium; 4) blend for 20 sec in a Waring 2 blender; 5) add macerated fungal material to a 500-ml Erlenmeyer flask containing 450 ml of defined medium; 6) incubate the flasks with aeration 1-3 wks at room temperature; 7) harvest the mycelia by vacuum filtration; 8) rinse the mycelia twice in distilled water; 9) lyophilize the resulting slurry; 10) grind in a mortar and pestle and 11) store at -20 C.
MATERIALS AND METHODS

Antigens
a All Armillaria isolates were obtained from mass basidiospore isolations except for Amm 9067 and P1404, which were obtained from tissue at the juncture of stipe and cap. The Lentinula isolates were commercial isolates of unknown derivation.
Immunogen preparation and immunization. -Chickens were immunized using the following protocol: 1) grind 1 mg lyophilized fungal material with 1 ml phosphate-buffered saline (PBS) in a Pyrex 15-ml ground glass tissue homogenizer; 2) emulsify the homogenate in equal proportions with Freunds complete adjuvant (DIF-CO Laboratories, Detroit, Michigan); 3) inject 1 ml (0.25 ml in each thigh and each side of the breast) of this mixture intramuscularly into one Single Comb White Leghorn laying hen; and 4) give each hen a booster injection 1 week later.
Antibody purification. -Using the polyethylene glycol precipitation technique described by Polson et al. (1980) , we isolated antibodies from yolks of eggs laid at 0 and 21 days after initial injection. We then ran comparative tests to evaluate the capacity of the antibodies to distinguish the four species. For the yolk antibody titer studies, we isolated antibodies from yolks of eggs laid at approximately one-week intervals for eight weeks after immunization. Following isolation of the antibodies, we added glycerol to the solution of antibodies to a final concentration of 50% and stored this at -20 C.
Antibody titer tests. -We examined the amount of reactivity and specificity of the antibodies present at different times after immunization in the egg yolks for one isolate of each of the four fungal species used. We tested the eggs from the hens immunized with GB 934, Amm 9067, MB 2112, and RA-3-2E and reacted the antibodies from each of nine eggs chosen from a given chicken against the fungal isolate with which the chicken was immunized as well as the three other fungal isolates used in this test. We measured the amount of protein present in each antibody preparation using the Bradford protein assay (Bradford, 1976). We standardized the protein concentration present in each of the nine antibody preparations to a given fungal isolate to the lowest concentration in that group to make comparison of reactivity among eggs possible. We used the following ELISA procedure to evaluate the specificity and reactivity of each of the antibody preparations: 1) grind one part lyophilized fungal material for each of the four isolates in 10,000 parts of 0.05 M carbonate buffer (pH 9.6) in a Pyrex 15-ml tissue homogenizer; 2) add 200 µ1 of the resulting suspensions to each of the appropriate number of plastic microtiter plate wells; 3) incubate overnight at 6 C; 4) remove the unbound antigen, and rinse plate three times with PBS containing 0.05% Tween 20 (PBST); 5) dilute the antibody preparations from eggs of the chickens injected 1:500 with PBS (Pretesting of the antibody preparations with dilutions ranging from 1:10 to 1:10,000 indicated this dilution yielded the greatest specificity.); 6) add bovine serum albumin as a blocking agent to a final concentration of 2%; 7) add 100 µl of the resulting antibody dilution to each of the appropriate wells so that the nine different antibody preparations react with two wells of each of the four fungal isolates previously coated on the plates; 8) incubate 2 h at room temperature; 9) remove the antibody solutions from the wells, M YCOLOGIA and rinse the plates three times with PBST, 10) dilute commercially available rabbit antichicken horseradish peroxidase conjugate (ICN Immunobiologicals, Lisle, Illinois) 1:1000 with PBS; 11) dispense 100 µl of the resulting solution into each well; 12) after a 2-h room temperature incubation, rinse the plates as before; 13) add 100 µl of substrate solution to each well [To prepare the substrate solution, dissolve 2.2 mg of 2, 2'-Azinobis (3-ethylbenz-thiazoline sulfonic acid) (ABTS) into 10 ml of 0.05 M citric acid (pH 4.0 adjusted with 1.0 M NaOH), and add 40 µl of 0.5 M hydrogen peroxide.]; 14) after an incubation time of approximately 25 min, stop the reaction by adding 50 µl of 2% sodium dodecyl sulfate (SDS) to each well; and 15) measure the absorbance of the resulting reaction product at 410 nm using a Dynatech (Dynatech Instruments, Inc., Alexandria, Virginia) automatic microtiter plate reader. We repeated this procedure with the nine antibody preparations from the eggs of the four hens immunized.
Evaluation of antibody reactivity. -Egg yolk antibodies from each of the hens immunized with the 12 isolates were evaluated for specificity and reactivity using the ELISA procedure previously described. We diluted each of the 0-and 21-day post-immunization eggs 1:500 with PBS, except for those from chickens injected with isolates P1404 and 928881. These antibody preparations were more reactive and were diluted 1:1000 with PBS. Each of the 24 antibody preparations was reacted with each of the 12 isolates used in two separate wells. We repeated the entire antibody reactivity test twice.
Data analysis. -The optical density (OD) values used for data analysis were obtained by subtracting the OD values of tests run with preimmunization day 0 eggs from the OD values obtained in ELISA tests using eggs collected 21 days after immunization. To make statistical comparisons of the reactivity of an antibody preparation with the different species, utilizing data from both replicates of the antibody evaluation tests, we standardized the data between the two replicates. We did this by converting the OD values from the ELISA tests to a ratio of OD of the homologous reactivity for a given replicate. A one-way analysis of variance was done on the standardized data of the reaction of an antibody preparation with all of the isolates. Duncan's multiple range analysis (P = 0.01) was then performed on the averages of the ratios of OD values from the two replicates of three isolates per species reacting with an antibody preparation.
RESULTS
Yolk antibody titer. -Specific antibody activity is present in egg yolks within 14 days after the first injection for each of the isolates studied (FIG.  1) . Reactivity of the antibodies increases steadily until about 35 to 40 days after injection and continues high for the remainder of the study. Antibody GB 934Ab is an exception to this trend, showing a further sharp increase in reactivity 56 days after injection (FIG. 1) .
The heterologous activity of the antibody preparations over time varied, depending on the antibody preparation and antigen used in the ELISA. In the case of the antibodies produced to the three Armillaria species, the least amount of heterologous reactivity (or the greatest specificity to its own species) to the other Armillaria species usually occurs in the antibody preparations from eggs collected 2-3 weeks after immunization (FIGS. 2-4). The only exception is when MB 2122Ab (antibodies prepared from eggs of chickens immunized with isolate MB 2122) is reacted with Amm 9067, in which case the lowest amount of heterologous reactivity occurs about 29 days after injection (FIG. 4) . After reaching the low point in heterologous activity, the cross-reactivity either steadily increased for the rest of the study as in the case of GB 934Ab or increased for a period of time and then leveled off. The reactivities of the three Armillaria species antibodies with L. edodes RA-3-2E as a percentage of the respective homologous reactions reached their lowest points at 15 to 20 days after immunization and remained low or only slightly increased for the rest of the study (FIGS. 2-4) . Conversely, the heterologous activity of RA-3-2EAb did not reach its low point until about 6 weeks after immunization; it then increased slightly (FIG. 5) .
Antibody reactivity. -The OD values varied considerably between the two replicates of the test examining reactivity of each A. mellea antibody preparation with each of the 12 isolates (TABLE  II) . The results (TABLE II) are representative of those obtained for antibodies prepared to the three other species. Standardizing the OD values to a percentage of the homologous reaction yields data that are theoretically more comparable between replicates (TABLE II) . a GB 898Ab is the antibody preparation from egg yolks obtained from a chicken immunized with A. mellea isolate GB 898.
b Optical density reading at 410 nm of one replicate of ELISA tests reacting to a given antibody preparation with an isolate minus the background optical density from reactions with antibodies from preimmunization eggs.
c Percentage of the homologous reaction. d Average percentage of the homologous reaction for two replicates of three isolates of a species to a given antibody preparation. Percentages within a column possessing the same letter do not differ at the P = 0.01 level using Duncan's multiple range test procedure.
Combining the average percentage of reaction difference between these reactions (P = 0.01). with three isolates for two replicates shows that The three A. ostoyae antibody preparations exeach of the A. mellea antibody preparations reacts hibited differing reactivities with the species stronger with A. mellea isolates than with isolates studied (TABLE III) . The DMR 20 antibody prepof other species (TABLES II, III). However, only aration was more reactive with A. mellea isolates GB 934Ab and KJS-6Ab demonstrate statistical than with A. ostoyae isolates. The Amm 9067Ab and P1404Ab preparations were more reactive with their homologous species than with any other species (TABLE III) . However, only Amm 9067Ab could statistically separate A. ostoyae from the other species. Each of the A. tabescens antibody preparations exhibited statistically highest reactivity (P = 0.01) with isolates of that species (TABLE III) . All of the L. edodes antibody preparations could statistically (P = 0.01) separate L. edodes from species of Armillaria based on the reactivity of the antibodies in ELISA tests (TABLE III) .
DISCUSSION
Egg yolk antibody titer. -The reactivity and specificity of the antibodies deposited in the egg during this study were highly dependent on the time elapsed after the initial immunization. The length of time necessary to achieve peak antibody reactivity is much longer than that reported for viral antigens. Polson et al. (1980) placed peak specific egg yolk antibody production at 20 days after immunization for four different plant virus systems. Bar-Joseph and Malkinson (1980) reported peak antibody production at about 8 days after injection for two different plant viruses. However, no booster injections were given. The results of Ricke et al. (1988) showed considerable variation in peak specific antibody production to four bacterial species antigens, with peaks ranging from 2-7 weeks after the initial immunization.
The antibodies most capable of separating species within Armillaria are apparently deposited in eggs about 3 weeks after immunization, with antibodies possessing decreased specificity being deposited after this time. For species in different genera, antibodies that possess the least cross-reactivity appear to be deposited 5 weeks or more after immunization, which is coincident with time of peak antibody production. In general, decreasing intergeneric cross-reactivity (or increasing specificity) with time agrees with results reported by Ricke et al. (1988) for other egg yolk antibody systems. However, the increasing amount of intrageneric cross-reactivity after obtaining optimum specificity has not been previously demonstrated. Therefore, antibodies from eggs laid at several different times after immunization may require testing to obtain the most specific and reactive antibody preparation possible.
Antibody reactivity. -Antibodies prepared against fungal whole-cell antigens reacted more specifically in ELISA with the member isolates of the genus to which its homologous isolate belongs than with the isolates of the other genus in the study. The ability of an antibody prepared against an isolate of a given Armillaria species to distinguish isolates of that species from isolates of the other Armillaria species tested varied, depending on the antibody preparation used. Of the nine antibody preparations to Armillaria isolates, six were capable of statistically distinguishing its homologous species (P = 0.01). Of these, only GB 934Ab statistically (P = 0.01) separated all of the species studied from one another. The three antibody preparations against L. edodes isolates exhibited variation, in their reactions to the other isolates of the species. However, in spite of this variation L. edodes can still be easily separated from Armillaria species using these antibody preparations.
The variation in specificity of antibodies produced could be caused by a variety of factors. First, biological variation in the immune response of individual chickens could be responsible for producing antibodies with different specificities. This point has not been examined for fungal immunogens, although this variation has been shown to be quite low in other chicken antibody systems (Ricke et al., 1988) . Second, the age of the fungal culture used as the immunogen may be critical to its antigenic properties and perhaps requires standardization, especially when no purification precedes injection. Finally, variation within a fungal species with regard to its serological properties is essentially undetermined and may account for some if not all of the observed difference in antigenic response.
In conclusion, antibodies produced to Armillaria species in chickens and isolated from egg yolks are apparently a useful tool for identification and taxonomy. The antibodies used in this study were prepared using whole cell immunogens but were still capable of distinguishing species from two different genera and distinguishing three species of Armillaria, depending on the antibody preparation used. Work is in progress to purify the immunogen to obtain more species-specific antibodies. Research with greater numbers of isolates and more Armillaria species will be necessary before the value of ELISA or other serological techniques using yolk antibodies as tools for studying the A. mellea complex can be fully evaluated.
